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CN-BOARD DATA MANAGEMENT STUDY FOR EOQOPAP

1. Summary

A study of the reguirements, implementation techniques and mission
analysis associated with on-board data management for EOPAP has been
performed. SEASAT-A has been used as a baseline with reference [l]
used as the primary source of information for the spacecraft config-
uration. Thg stqrage regquirements, data rates, and information extrac-
tion réquirements have been investigated for each of the following
proposed SEASAT sensors: a short pulse 13.9 GHz radar, a long pulse
13.9 GHz radar, a synthetic aperture radar, a multispectral passive
microwave radiometer facility and an infrared/visible very high resol-
ution radiometer (VHRR) . The short pulse radar is used for altimetry and
the determination qf wave height and wave directional spectra. Primary
consideration in this stu@y was given to this sensor based on data pro-
vided by the éSFC technical cfficer. The long pulse radar is used for
measuring wind speeds by scatterometry. The synthetic aperture radar
provides side-looking coherent imagery. The passive microwave sensors are
radiomete;s at 5,13.9,18,22,36, and 53 GHz which are ﬁsed for correcting
altimeter measurements, ﬁeasuring surface roughness and sea ice. The
VHRR sensor provides cloud cover maps and sea surface temperature infor-
mation. Data management principles for the latter were included in the
stud§ based upon the results of the earlier study contract NASS-21940
"ITOS VHRR On~Board Data Compression Study" (reference [23) and extended
to include the other SEASAT sensors,

Rate dis£ortion theory was applied to determine theoretical minimum
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2
data rates and compared with the. rates required by practical techniques.
It was concluded that practical techniques can be used which approach the
theoretically optimum based upon an empirically determined source random
‘process model.

Finally the results of the preceding investigations were used to
recommend an onfboard data management system. The purpose of the on-bhoard
data management system is for (1) data compression through information
extraction, optimal noiseless coding, source ccdiﬂg with distortion, data
buffering and data selection under command or as a function of data act-
ivity, (2)for command handling, (3) for spacecraft operation and control,
and (4) for experiment operation and monitoring. It was concluded that
ap on-board general purpose programmable computer should be used and that
tﬁe advanced on-board processor (AOP) developed by NASA GSFC is suitable
for the tasks required.

Section 2 is a review of the SEASAT sensors studied and their data
rate requirements. Section 3 presents rate distortion theoretié consid-
erations. Section 4 is a discussion of the data reduction and estimation
techhiques applied to aircraft samples of the short pulse radar type and
the computer programs deyéloped in this study for the analysis. Section
5 presents results for the VHRR data. Finally ;ection 6 discusses an on-

board data management system,



2..SEASAT Sensor Data Processing

2.1 Short Pulse Radar
The short pulse radar is used to measure the mean altitude of the
spacecraft and the rms wave height in a nadir-looking mode with a .6 m
dish. It also can be used with a 2 m dish in an off-nadir conical scan
mode to measure wave directional spectra. The radar uses linear chirp
FM transmission to attain the required resolution (3 nsec compressed
.pulse length) in altitude, wave height, and wave directional spectra. On-
;
board processing can be used to estimate and transmit these parameters
at a low bit raﬁe relative to the bit rate reguired for the unprocessed
received radar data. The actual bit rate resulting depends on the number
of read-outs per second of the processed estimates which can be control-
1¢d by the on-bqard data management system. The control can be through
read-out rate selection under ground station control or under data con-
trol as a fuﬁction of data activity. In either case, data compression
can. be used for further bit rate reduction.by sending encoded changes
in the parameters rather than the pa:ameters themselves. In.this‘méthod.
ndselesscpﬁmg‘is used to take advantage of the lowered entropy of the
~difference sequence. ‘ -
Fgrther details regarding the processing of the radar data for
parameter estimation appéars in section 4 based upon samples of aircraft

data supplied by the NASA GSFC contract technical officer.



2.2 Long.Pulée Radar

The long pulse 13.9 GHz radar is used as a scatterometer to measure
wind speed and direction. The scatterometer shares the 2 m dish with the
short pulse radar in a conical scan mode and operates on the principle
that the radar cross section of the sea surface depends on the wind
speed and direction. Atmospheric calibration is provided by the 13.9 GHz
paésive radiometer. As for the short pulse radar, qn-board'procesﬁing can
be used to reduce the received radar data into estimates of wind speed
and direction so that arbitrarily low bit transmission rates can be
attainéd dépending upon the read out rate desired, and/or the data ac-
tivity-and/or the use of data compresgsion on the sequence of parameter

estimates.

2.3 synthetic Aperture Radar

A synthetic aperture radar is provided for side-looking coherent
imaging. Waves on the ocean Ean be analyzed from thelimagery to determine
wave spacing and direction (except fﬁr a 180° aﬁbiguity). From the wave |
periodicity the rms wave height can be found through the known determin-
istic relation between tpe two parameters. Furthermore information on. |
icebergs, shoals, kélp beds, tides, oil slicks,etc. can be provided. The
major drawbaék in the useage of this technigque is the high data rate.
This data rate can he reduced by selective coverage through tﬁe on-board
processor and through prefilitering and buffering operations to B Mbps.
Because of the high data rate and the inherent redundancy of images,

particularly the synthetic aperture type, the signal is an ideal candi-

date for data compression. Using rate distortion theory (see section 3),



5
and empirical experience with images; it is estimated that the bit rate
could be reduced to 1 Mbps with acceptable quality by using a combina-
tion of line~to-line and sample-to-sample compression technigques. If
further degradation is allowed so that.only the essential information is
retained (wave lﬁéations, edges of land or iceberg or other significant

formations, etc) a reduction to .5 Mbps or less may be possible.

2.4 Passive Microwave Radiometer Facility

Tﬁe passive microwave radiometers provide atmospheric path lengﬁh
corrections for the short pulse radar altimeter, sea surface temperature
measurements, surfaée wind speed measurements, and rain area and clpud
water content determinations. The bit rate requirement for this data is
3;7 kbps. This can be substantially reduced by data compression using

the inherent redundancy of the data (see section 3).

2.5 Very High Resolution Radiometer

A two channel very high resolution infrared/visible radiometer (VHRR)
provides cloud cover pictures and surface temperature measurements in the
10.5.to 12.5 micrometer infrared band and in the 0,6 to 0.7 micrometer
visible band. This instéument is essentially identical to that'used for
ITOS-D. The scan voltage is a 35 kHz low pass signal which requireé-on
the order of 1 Mbﬁs for full-resolution, uncoded transmission. However,
undersampling, iine deletion, data formatting, and data compression
under control of the on-board processor can be used to substantially

reduce the required bit rate. Detailed methods of compression for this

source data appear in Systems Analysis report no. 75100, "ITOS VHRR On-
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Board Data Compression“ prepared under NASA GSFC contract NAS5-21940. A

summary of the essential results appears in section 5 of this report.



3. Rate Distortion Theory

The rate-distortion function of a source with a given probability
distribution determines the minimum channel capacity required to transmit
the source output (or the storage capacity required to store the source
output per unit time) as a function of the desired maximum average
distortion, where the distortion function {(sometimes called fidelity
criterion).is a measure of the agreement between the source adtput
and the end user output as specified by the tpe user. The céncept ori-
ginated with éhannon who calculated the rate-distortion function for
certain sources includiné in particular a Gaussian discrete time random
process. This was later extended to more complicated sources and applied
to.performance bounding by cother authors.

Figure 3.1 presents a highly simplified cémmunication system Block
diagram. The system.designer is given a source and wisheé to encode the
source in sucﬂ a way that the channel capacity (or storage) require-
ment is minimized. To make this minimum as small as possible, he is
willing to tolerafé some average distortion (typically average error pow-
er) between the source output and the decoder output. The problem ad-
Aressed by rate distqrtién thecry is the minimization of the channel
capacitg requirement while holding the average digtortion at or below an
acceptable level.A |

To be slightly more specific, in figure 3.1 let the average infof-
mation transmitted from the source to the decoder output be denoted by

the function I(X,¥Y), more information corresponding to larger values of
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I(X,Y). Let the analogous average information transmitted from the enco-
der output to the channei output be denoted I(U,V). The channel capacity
C is defined as the maximum of I{U,V) over all possible input devices. It
‘is obvious that in figure 3.1, the intefvening nature of U and V implies
I(x,¥)<I(u,v)=<C if the function 1(:,*) is properly defined. Shannon
defined the correct function for information and defined the rate
distortion,funétion R(D} as the minimum value of I(X,Y) for a given
distortion level D. He also showed that R(D)<C issures the possibility
of attaining avefage distortion D by coding at rate C with a sufficiently
complicated encodér.'

To look at the problem from a different angle, the encoding
énd decoding can be separated into two parts-source coding and channel
cbding. The'job of the source coder is to remove.source redundancy, where-
as the job of the channel coder is to insert controlled redundancy to
combat.noise. How well channel coding can perform is established by
Shannon's noisy coding theorem which states that transmission without
channel errors is possible if and 6nly if the rate at which messages are
prgsented to the channel coder from the source coder does not exceed
channel capacity. With t@is constraint'on the source coder, at a given
‘channel capacity the source coding must result in a loss of guality-i.e.
some distortion must result. The rate distortion function R(D) is the
minimum source coder rate (minimum required channel capacity) for an
average distortion level D.

An analytically convenient source moael to use.is the Gaussian which
frequently is a good model in practice, in particular’ = for the image

data found on SEASAT. Consider the problem of encoding a source which
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generates a sequence of statiétically independent Gaussian random var-
jables with a squared error distortion measure. This source is char-
acterized by a known mean (i.e. dc) value,which does not affect coding
rate because it is a simple éhift,and a variance {(power)o 2. Let the
source output be the N values {xi,i=l,2,....N} and the decoder output

be {yi,i=1,2,....N}. The distortion is taken as

N 2
i=1

so that the average distortion is the average mean square error(error

power) :

(I -1

2
E(xi—yi)

D=3
Lo i=1

It can be shown that the rate distortion function is given by

02 q/é§1 2
l5lt3gB‘-'=lo 5 g > D

0 g <D

R(D) = (3.1)

‘That is, the rate &istortion.function is one-half the logarithm of the
signal power-to-distortion({noise) ratio. It is achieved conceptually

by encoding in such a way that the output error is Gaussian with variance
D on each sample value and is sample-to-sample.independent, but not
necessarily .signal independent. Actually there are no khown.practical
methods for achieving a Gaussian error distribution or for achieving

the rate distortion bound of (3.1). Instead one must be content with
quantization methods which can be made to be within approximately

.25 of a bit or so of the bound by choosiné the quantization levels

properly and using variable length coding on the quantized values.
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In terms of quantizing.schemes the rate distortion function has
éﬁé foiioﬁiné ;éégﬁ igéuifivé justification. The noise standard devia-
tion as a fraction of the signal amplitude is inversely proporticonal to
the number of quantization levels. Therefore, the number of levels should
be proporticnal to /YD and the number of information bits should there-
fore be.the logarithm (base 2) of this quantity. This is what is stated
in {3.1). If the allowed distortion is greater than the signal power, i.e.
D >02, the minimum transmission rate and hence rate distortion function
must be zero since nothing need be transmitted at all to achieve error
power equal to signal power. This is also stated in (3.1). |

The preceding was for a source of independent values. Suppose now
the source contains memory as in most physical sources. In particular,
suppose the source output is Markov (which means roughly that the future
depends only on present values and not the past) with corrélation coef-
ficient p,]p|z1. This is a model which has found good agreement in practice,
in particular for video data of the VHRR and synthetic aperture radar type.
The value p is the correlation between adjacent values on a scan line.
If p=1, thén each value is the same as the last. If p = 0, the wvalues
-are independent as before. For this model it can be shown that (3.1)
for. low distortion levels becomes ’

Pasdh

‘R(D) = 4 log >

(3.2)

Tﬁe';ypical range of the parameter p is .95 to .99. Thus the
number of bits can be reduced by 5 log(lﬂpz), or something up to 3 bits,
for a given mean square error D ovér céding for independent values. This
perfprm%nce can be approached through differential coding methods whereby

successive sample differences are encoded by a variable length code, ror
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image data furtﬁer gains can be made by using line-to-line effects.
Assuming the same correlation model between lines, another gain ?f up to
3 bits can be attained assuming sufficient random access storage 1is
available to store one whole line of data.(in addition to the
present line ).

Rate distortion theory is mbst useful in practice in providing
a bound on the performance of practical data compression methods. This
is the primary waé it has been used in this study. Consider for_example
differential variablé length coding wherein the successive saﬁple
differences are quantized and encoded by a variable length code. Assuming

fine quantization, the variance of the difference between the present

ggahtized value and the next sample is approximately

2 (1-p) 2 (14p) (1-p) = 1-p° | (3.3)
Allowiné‘.ZS bit for the optimum quantized wvalue code over the best
that can be done as shown by (3.1) and (3.2), it is seen that the dif-
ferential method comes within the .25 bit of tﬁé optimum up to the approx-

imation of fine quantization and the approximations of (3.3)
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4; Short Pulse Radar Data Reduction

4.1 Intrecduction

Extensive studies were performed on the extraction of rms wave
height and wave periodicity based on off-nadir looking aircraft radar
measurements provided by the NASA GSFC contract technical officer on
digital 9 track tape. Two aircraft runs were provided, the first being
from the JONSWOP e#periment with the NRL altimeter used in an off-nadir
mode by banking the aircraft. In this experiment a 10 nsec pulse width
was used with a 6° beamwidth antenna. The aircraft was banked so that
the beam center pointed about 10° and 15° off-nadir on passes in various
turning configurations. The aircraft was at an altitude of approxzimately
11,000 feet. Similar déta _ was provided by an NRL experiment in
January 1974, the primary differences being a doﬁbled sampling rate, a
fixed bearing. rather than a turning course by the aircraft, and less
noisy data.

The sampled data provided in each of the experiments consisted
of & digital tape files corresponding to each of 6 aircraft passes under
different conditions. E;Fh pass consisted of 8192 signal traces measur-
ed by sampling the pulse returns sequentially 160 times with increasing
delay on each pulse across a total sampled time interval of one micro-
second for the JONSWOP data and 500 nzec for the NRL data. A typical pulse
appears. in figure 4.1.1 and is seen to compriée the total returned
energy from the sea surface plus noise with noise only preceding and

following the return signal.
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Computer programs were developed for the analysis of the sampled
data and are included in listed form as a portion of this report. These
are in Interdata assembly language and FORTRAN IV. The analysis programs
include an Interdata assembly language program for inputting the data
from the digital tape under a FORTRAN call and a master program with the
ability under input coﬁtrdl to print out individual signal traces or
averages of signal traces, the ability to print out the Fourier transform
amplitude spectra of the signal traces or their averages or the average
of the Fourier amplitude spectra of the individual signal traces, using a
fast Fourier transform routine writen for the Interdata in FORTRAN, the
ability to print out correlation functions and.cross—correlation functions
of the signal traces, and the ability to print out histograms of the
sigpal trace peaks subject to a threshold on the sighal level, includ-
ing the calculated mean and rms values of the histogram. Except for
the assembiy language digital data input routine, FORTRAN IV was
used exclusively so that the programs could be compiled on any machine,
except, possibly for some minor modifications to conform‘with the
particular compiler conventions.

Extensive computer program outputs of the various types were pro-
vided to NASA GSFC during the course of the contract fof the purposes of
analyzing the various approaches to determining the wave heights and/or
wave periodicities from off-nadir short pulse radar daté. The results
to date appear promising but inconclusive, partly due to the limited
amount of data, the noisiness of the data, the lack of resolution of the
data, the necessity to construct one pulse from 160 sampled pulses, and

the lack of ground truth wvalues.
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4.2 Simplified Thecry of Wave"Height'gnd Wave, Periodicity Estimation

Many papers have been written on the theory oflwave height and
wave period estimation from radar sea scatter measurements. Some of
these are listed in the references. In this section a brief review of
of the pertinent theory to off-nadir short pulse radar measurements is
given in highly simplified form.

Consider a rédar illuminating a periodic sea surface at an angle

¢ from nadir as shown below:

antenna beamwidth

sea surface

L=wave period

Figure 4.2.1. Short Pulse Radar Geometry

The returned signal power is the radar cross section as a function of
propagation path length across the illuminated surface. If one assumes
that the returns move linearly across the surface in time, the returned
signal powe£ contains an amplitude modulation component of freguency

¢/ (2Lsine) . This concéptually can be extracted either directly from the
returned power as a function of time or from the Fourier transform(spec-
trum) of the returned power by peak determiﬁation. Complicating the task,
of course, is the non-pure periodicity of the sea surface, the nonlin-
earity of the range-time scale across the sea surface and the receiver

noise. In the time domain the estimate could be extracted by a bank of
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matched filters, incorporating the range-time base correction as a
function of the off-nadir angle,c . Alternately the data could be samp-
led non-uniformly or interpolated to correct the time base followed by a
Fourier transform of the squa;ed envélope. The peak of the spectrum
(away from D.C.) 'represents the estimated amplitude modulation frequen-
Ccy.

Given the wave period estimate, the rms wave height estiﬁate dan
be determinéd from the deterministic relation between the two. Alternately
the wave height can be estimated and used to estimate the wave period
through the éame relatioﬁship. The average power return over a number of
pulses is just the convolution of the transmitted pulse with the prob-
ability density function of the wave height integratedlover range. The
spe;trum is the product of the transform of these factors. Thus the rms
wave height can be extracted from the returned signal by finding the xms
value of the probability density imbedded in the averaged returns. Ref-
erence [i] proposes doing this from the leading edge of the return which
chould be more or less spread out depending on wave height (actually [1]
proposes using nadir measurements although the same analysis can be ap-
plied to small off-nadir observationsi. Levine [;,4] shows that the spec-

T

trum should be approximately proportional to .

210

2 . 2n% .
cosav } sinc(—/— sina )
c c

I(v) exp [—2(
where:
v = freguency

I(v)= Fourier transform of the transmitted pulse squared

¢,= Ims wave height
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off-nadir angle

o
£= illuminated surface length,
‘This is just the product of the transforms of the above referred to
factors assuming the wave height distribution is Gaussian. Thus o, can
be estimated by the rate of exponential decay of-the spectrum.
Alternately, Levine [3] has shown that Gz can be estimated from
a histogram of the locations of peaks in the returned signal. In par-

ticular, he found that

—_ 2
2 _ 2 .2 (% sina)
¢, = sec cx[chz) Th I T a——

where Tﬁ is the rms peak arrival time. Thus g, could be extracted from
a peak histogram over several pulses.

Both of the preceding methods of extracting Uz are theoretical
results from a 2 dimensional model and involve appfoximations. Thus
experimental results are needed to confirm the theory or point to

needed modifications.
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4.3 Computer Programs Developed for the Analysis

4.3.1.Data Input Program

The data as supplied by the NASA GSFC technicai officer is for-
- matted on digital tape in 6 files of 257 records. The first record is a
short header record for the file., Each succeeding record consists of
'32 signal traces, formatted with 14 header bytes followed by 160 2-byte
signal sample values. Thus one record consists of 32 x 167 = 5344
2-byte (halfword) values. Each file of 256 data records comprises
one aircraft pass.

The program written to read these values intq a FORTRAN array
iz writen in Interdata assembly language and appears as appendix A. The
program is called by:
CALL ECKERM(INFP}

where INP{N) is a f2—byte) integer array of dimension not less than 5344.
3ll 5344 values from the next record on tape are unpacked sequentially in

the array INP, including the header values.

4.3.2 Fast Fourier Transform
A fast Fourier transform was used extensively fof data analysis
and is listed iﬁ Appendix B. It was written in Interdata FORTRAN IV and
is a subroutine called by:
CALL FQURLT (DATA,N,S,ISIGHN)
where: |
DATA(I) = complex array of N values

S = table of sines of dimension not less than N/2 + 1
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ISIGN is used as follows:

sign{ISIGN) = sign of the exponent in the Fourier transform
If [ISIGNI # 1, the sine tables are set up in S
If ISIGN = 0, tables are set up only.
The quantity calculated is:
N o5 .
I DATA(k) exp (i ~p(k=1) (n~1). sign(ISIGN))} , n=1,2,*--,N
k=1 :
The results'appear in DATA(n} in place of the original data. Note that

no normalization by N occurs.

4.3.3 Analysis Program
The listing qf the main analysis program appears in Appendix C as
it is currently configured. Many modifications were made to the program
as the contract progressed to conform to the various analytical approaches
and data requests by NASA GSFC. Certain classes of outputs can be gen-
erated by an aépropriafe input to the program from the teletype
kéyboard as the program now stands. thers can be generated by simple
program modifications and re-compilitation. The following outputs have
been generated to date:
(1). A printout of individual signal traces squared (i.e. power)
éi the average of a number of signal traces squared, with
I . ;he number under input control, and the centroih of the
printed quantity. An example of this printout appears in
Appendix D,
(2). A printout of the log of the spectrum of the average in (1).

An example appears in Appendix D where a 1024 point spectrum

e = = e —
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appears, generated by getting all values to zero outside
the re£urn signal range. Fo;rier transform amplitude spectra
cén alsoc be generated without the appended zeroes, in which case
the-values are windowed prior to transforming.

(3). The average of the Fourier transform amplifude spectra of
individual pulses.

{4) . Correlation functions of the signal traces and cross corr-
.elation functions between signal traces.

(5). Numbers {(2)-(4) with the range~time base corrected by inter-
polation to be linear.

(6). Signal-to-noise ratio estimates.

(7). Histograms of peaks exceeding an input threshold, including
the mean and rms values of the histograms. An example of
this printout appears in Appendix E.

To date‘the efficacy of the various estimation techniques remains

unproven, although the results are promising. Upon the attainment of

further data, the programs developed under this contract will be available

for the analysis and the developement of an optimal technique.
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5. VHRR Data Compression

The VHRR signal appears as in figure 5.1 with the timing as
indicated in table 5.1. The voltage range is 6 volts which is contained
within a lowpass bandwidth of 35 kHz nominal. Using a sampling rate on
. the order of 100 kHz (1.43 times the Nyquist rate} and something like 8
bit sample quantization results in a bit rate on the order of 1 Mhz for
a straightforward PCM transmission system. However, an examination of

table 5.1 reveals that 407% of the data can be essentially eliminated by
fransmitting the temperature and calibration values as single digital
values rather than as long repetitive steps and by synchronizing onrand
selecting out the earth scan data only. It is shown in the results of an
earlier study [2] that another 3 bits can be removed from the 8 bit
quantized values in the earth scan data by using variable length coding
on the sample differences as described in sectign 3 of this report. Thus
the compressed-buffered bit stream reéuires a channel capacity on the
order of (8-5) bits x 60% x 100kHz =¥ 300 kHz. Further details can be
found in the reference [2J. |

As indicated in section 3, a further reduction in bit rate can be
achieved by using line-to-line effects, perhaps to as low as 100 kHz if
enough storage is allocated to hold the last line. Still further
reduction in the average rate can be attained by selecting out only the

intervals of time of particular intereét or by deleting samples and/or
lines on a regular basis. In this case digital filtering should be used

to prevent aliasing on reconstruction.
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RIITVOD. Yo0d 40
Bl @9Vd TVNIDINO

After Scart of IR Precursor ... - , Duraction .
Function * Counts* Tine (mssc) " Counts Tipe {asec) : . Signal Charactaristics -
Precursor IR - R N .2 . L7 18,75 Kz square vave, 0 to 100% -
S . T A - . smplitude starts 72 + 1° befors
3 nadir o
! LN .‘,. B I
. *Pra-earth Synchroois .. - ',
gation signal . i IR T
Pront Poreh - :. s2i | :. L7 .- 286 0.88 ' Ampiftede 0%

|- Amplitude 100%, Starte 65.8 +1°

Sync Pulse - 768 1 o :. 2.5 . s 1.7

" B . befora the nadir .
Back Porch | . 1280 U0 4,27 L 256 . 0.85 - Aoplitude 0%
' SRR S oo et : '
Spuce mcan . S 1536 e 7. 8,12 ... Mot clock . 2,08+ - Amplitude 100% period varies with
: Sl - et e T controlled 50 - apacecraft altitude & attitude
_' Earch scan L i-."_ IR ‘1.20f‘533.f=:5f Not clock ‘5.32+"3'7 "'Amplitude varies over range 0% to
i - Lo I aontrolled . 100% (O% Hot, 100% Cold)., Period,
T . : - .Y+ wariee from 43,68 masec @900 n.mi,
B T T . to 48.64 maec @600 n.ol,
lst Sub-Syne marker 4864 1' if, 16.21 ;:; e . 0.05 .. “ Two level eignal starting at 0% )
.. . v T e ..~ - " amplitude for & the perliod when o
G TR A <. - .ewltching ta 100% for the
] © o - T " vemainder of the period
204 Sub-Sync marker 13056 . T 43,50 - - 16 . - 0,08 °  Same as lst Sub-Sync marker
. Space scan (post earth) Not clock :f\ 52,52 i ee ::’, 4,66t . - Acplitude 1s undefined as signsl
i : T : controlled ' . s . ¢ may be influenced by the visible
‘ ot . ‘ o channel calibration target
boltaga Calibration . 17152 L o sar -t SRS V17 5.97 . Seven levels increasing in smpli-
‘ . . : S - St o tude from O to 100%. Zero level
s - " following 7th atep.
Vieible calibration 189446 63.14 ' s ‘5‘ 11 - 0,83 '_ Normal ringa vwhen target is fllu-
. o - L ' ' T minated by sun is about 201 smplitude
Radfsnce calibration - 19200 . 63,99 . - 256 0.85 - Amplitude about 20%. Varies with
. J00K targst T . . e : S target's actual temperature
7 ¥ N " " . o . o ) Y

TABLE 75,1 . VHRR TIMING

3 74



Duxation

After Start of IR Procursor . . . : .
Function Counta* Time (msec) ~ Counts Tine {meec) Signal Charscteriatics
- Temperaturs Sansor 19456 64 .85 25%6. . 0.85 For normal temperaturs range an;u-
300K target (expanded : ' tude will be between 0 and 80X,
range +20 to +34°C) - (If the temperature is out of thia
. range, the signsl will either be
‘ 0 or between 85% and 100%)
Temperature Sensor 18712 P63.70 256 0.83 Same as above
(expanged) range +7 ' : ‘
to +21°C) _ -
Tewperature Sensor (ex- 19968 86,55 . Sama as above
panded ranga -6 to +89C) T X :
) . - .
Post-earth Synchronfration = ° IR S 1 a i}
Prout Porch 20224 . 0 6741 Y024 , 3.4 . . Amplitude 0% a
Sync Pulse nzs o, 7082 .0 . ¢ 256 . ‘0.8s Amplivwda 1003 0 |,
Back Porch - 21504 71,67 256 0.85 Awplitude OX - L
© Ead of IR scan 21760 ' 72,83 . C - L
: © Precursor Vis 225238 75.00+1,00 512 .71 . 12.50kHz square vave, O to 1008 -
N e T : awplitude, Starts 72+10 bafore nadir
Pre-earth Synchronlutlgq ‘ J ' \
= % Bignal - .. | | e ‘ B
g % Front Porch - 23035 - 16,78 - 256 . . 0.8 Same as IR signal
o , ' . )
B syns Pules 23291 . 17,63 | siz ., Lo Sama as IR signal -
2 uad pack Porch 23803 T 79.3% 256 0.85 Same as IR aignal
T ' o ' EE : '
! " 80,19 " . Mot clock - - 2,08t Amplitude 0X. Period varies

ReR:

L N
=t Space scan (pre-sarth) - 24059
% .

, controlisd .

identically with IR signal

+ 'TABLE &1

(cént)
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After Start of IR Precursor . Duration

ALITVA0 9004 40
Sl HDVd TVNIDIIO

Function Counte® Time (msac) - Counts Time (maec) ‘ 94gnal Charactaristice
" Rarth scan Kot ;:lock 82,271+ .. Not clock 4%.32¢ = Amplitude varies over range of Q% to .
: controlied s . eontrolled . 100%. (O% Black, 100% Whice). Period
. . . varies identically with IR channel.
lag Sub-Sync marker 27387 - 91.28 L 16 . 0.05 Same as IR signal
2nd Sub-Sync markar . 35579 ‘- 118.58 | ) . 16 0.05 - Same as IR signal
Space scan (post sarth) Not clock 127.59 - HWot clock  A.6A+ Sams as IR signal
controlled o controlled - T
Voltage calibration . 39675 Bt T % TS § 11 5.97 - Sama as IR signal
~ Visible caiib, targst’ 41467 ‘ S 138,22 - 56 - 0.85 . Same as IR signal
Radtance calibratfon 41723 b 139.00 - W 256 . 0.85 .- Beme as IR signal
300%K target St AR : S ; .
Temperature sensor - 4197% 139,93 -“'- . 256 - - 0,85 Sama as IR signal
(+20 to 34%) o R S T &

Teoperature semsor © 42238 '.-.:,_‘ 140.78 - ' : 286 fj‘. 0.85 . ',"."f":; . Sama as IR signal
(+7 to +21°C) . BN St - RN pamal S

Temperature sensor - 42491 . . . 141,64 - .. 125 . - 0,85 " . ' Seme as IR signel "
(-6 to +8°C) o A L e A T
Post-earth Synchronization Signal . —_ . e "‘ il ¢

Front Poreh - A2T4Y . 142,49 .0 -7 1024 - . 341 .. Same as IR eignal l

Sync Pulss 43770 | 143,90 | . 236 . .. 0.85 Bama as IR signal

' Back Porch | 44027 146,76 o - 256 . 0,88 ' Sama as IR eignal

Multiplex tolerance 44283 ~ -  167.61 - e 2,39 ‘

safety zone . o i . ' .

End of Scan - 150.00 L L _ ;e

'#A count is one cycle of 300-Xie square vave,
% Spacecraft at 790 n.mi., 0° roll error, and nomtnal position for etart of prlcurlot _
$Nominal valus for switchover from IR to Visible Scan, All following tires sosuse that this wttehovu tl IlOI.I.IIll. :

[}

TABLE . 5.1. (cont)
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6. On-Board Data Management System

It iz clear from the preceding that the on-board processing requires

a great deal of flexibility and computation which can be best performed
by an on-board programmable computer, the programs for which can be.
loaded under ground station control. Such programs can be used to select
and multiplex the sensors, to redﬁce the data to the desired parameter
estimates, select sampling rates, encode the data and buffer it for
transmission and/or storage at a constant rate from variable rate

input values.

The primary considerations in the selection of an omwboard pro-
cessor are the computation speed, instruction repertoire and storage
capacity. Also important, of course, are the power consumption, weight
and volume. An investigation of the NASA GSFC-developed advanced on-board
pProcessor (;DPJ indicates that it is suitable for SEASAT, It is a l
mic;osecond cycle time machine with 16K 2 microsecond cycle time memory
banks. There are 11 load/store and 9 arithmetic instructions plus various

I/0, interrupt, branching, and test instructions.
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APPENDIX A

Data Input Program

OxLE

RERD ECKERMAN TAPE INTO FORTRAN 5/74 o pAGE
DR0QR s EMTRY ECKERM '
gpeeR C EXTRMH .0

. X :

' ¥ CALL IS:
X CALL ECKERMCINE) :
¥ INP{N) IS5 A FIX PT ARRAY
¥ N.GE. 5344 ° :
% ,
¥ LDD G.74 .

L % 110D FOR 2 BYTE 10-74
" PPRPR LOAO COKERM STM  1@,REG SAVE USER REGS
L @OBER : |
QEO4R 48AF LH 19, 8015) CK' NUMB ARGS
L Bo60 : - .

QOORR 27A4 515 19, 4
poRAR 2337 BZS 0K

POACR C2EBG LHI 11,C33"

~s. T 3333 _
0RiaR 41F@ BAL 15, .0 SEND ERR MESS
= @eeeF .

‘2014R E130 sYc 3.8 & STOP

s 7 0000 _

Q@18R 4TAF oK LH 19,20158) GET ACINF)
(o POBE | : -
_@R1CR O3DA LHR 13,10 SAYE FOR LATER
ORIER 484892 . STH 1@ INPUT+4 SET LF SYC
=7 pROAR .

BOZER CAAD AHI 19, 10887 END ADDR

=T . 29BF _ '
"ROEZER 404D STH 19, INPUT+E

YT @RYCR . .
LpoanR 24E2 LIS 14,2 ‘

@@2CR CRFD LHT 1S 10586 (13) {.A4ST ADDR

- i 29BE S

BO30R E110 GO Cgye a4, INPUT READ TAPE IN
i @EBER . o '
PR34R 4800 LH @ INPUT+2 CK STAT

oo @RDER :

PRIER 4230 BNZ  NOGO

~. 7 BRE4R . S
' @@3CR D3BD LOOP LE . 11,6013)  GET MSP

T poo . : : : .

Q340R C7E® XH T 11,%°107 MAKE ALL +
77 pote -

@244R C4EQ NHI 11, % 1F7 MASK OUT INS BIT.
© o @BILF —

BR48R D3AD LB 10, 1¢43) QET LSP

ST paet -

BO4CR CHAT NHI 18, % 1F" MASK OUT INS BIT
2 PO1F

@05QR J1EBS ‘SLLE 11,5 LINE UP
. QRGZR OGBA OHR  11.1® FACK,

@054R 40BD STH  11.@(13J STORE ALAY
. eooB
FQOSER C1DO 13,L00P GET NEXT
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READ ECKERMAN TAPE INTO FORTREAN B/74 . : : ' T PAGE
T BRI3CE ) . . ‘
f@ﬂSPR Dioo ‘ LM 19,REG CORETUREN IF DONE 1o
QBEER S o : , g
i@@ QR 4ZEF ‘ " B 4015 o ' ,
. . o4 :
m®b4R Eice - MOGD . SWYC L2, UNPAK UHPARCK &
S0 T QeT4R o
TReEER E1Z28 SWC 2,LIST . : PRIMNT STAT
et QRTER o
L QRECE E120 SV, Z,PAUSE. o WAIT
v DRg4R ’ - .
GOFEaR 43280 B GO - S TRY AGAIN
ST gRIZeR . . -
BO74R Roas [aTeiay=t 4 e B, MESS
P < ] 5 B A o
QEPER ese? LIST - oe 7,118,010 ERR
' 2RQC )
492F
4Fz2Q C _ '
4552 . ' ' : ' ’ o
BZ2n ' : :
QaBaR MESS bBS 4
PRRER - REG. bS5 =
TRAY4R @00l FPRUSE D 1 ‘ :
CRRYER 4201 INPUT :DC A48l 9,0, LU 1 RD IN
N & 15 ; ‘ o
-15tole)
GooR

POITER . EMD

_ AL PAGE IS
%%1%%@3 QUALITY



~

LT READ ECKERMAN TAPE INTOIFORTRAN 5/74

NO ERRORS

i G B

¥ ECKERM
GO
INPLT
LIST
Loop
MESS
MOGO
QK
FaUSE
REG

O UMNPAK

enick
QREBR
BOI0R
POSER
REOTER
POECR
QRB4R
BEE4R
@2 1E8R
oa4R
QOBER

C2OY4R

31
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APPENDIX B

Fast Fourier Transform

SUBROGUTINE FOURLITC(DARTA,NN,S, ISIGH)
DATA=COMPLEX ARRAY

MM=NUMBE COMPLEX ¥ALS .

S=5IN THL, DIM=DIM{DATA) - 2+1
ISIGH=5IGN IN FOURIER

IF ABS(ISIGHY . ME.1, TABLES SETUFR
IF EG. @, TAELES LY .

NO  MN# NORMALTZATIOH

DIMENSION DATATL) ,5(1)

M b+

CNNE=NMo2

N2l =NM=+1

" HMZZeNMNE+d

NNPe=MN+2

KN=NN .
IF(IQBS(ISIGN).EG.i} GO To 1
DO 4 I=1,MNN2

.IHETQ J.l#quEESJEiFLﬁﬁT(I 118N

SINITHETHD
IGH EG, &) RE!UVN

1)
—
(WY

=1,M,2
IF(I.GE.J) GO TO 2
TEMFR=DATA(J]
TERMFI=LATACI+1)
DATHCTI=DATACI)
DATACT+10=DATALI+1}
DATACII=TEMPR
DATACI+12=TEMPI
M=N-2 -
IF(SJ. LE MY GO 'TQO &

d=J -1

F=Mse
IFiM.GE .2 GO TO 3

‘Y= J4+M

MMAaxK=2
ISTEFR= NW9Y+MNQY

- NMAX=NMNMAR

DO & M=1i,MMAX,E
IMD=C(M=13kNMAK)  2+1
IFCIND.GT. MME1)Y GO TO 72
WI=5S({IND)

IND=NMZZ-IMD,

WR=S(IMND)

Go TO 9

CIND=NHPES-IND

WI=SCIND)

- IND=NN22-IND

WR=-S(IND?

CONTINUE
IF(ISIGH.LE.©) WI=-WI
DO 8 I~M,N,ISTEP

32
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S ¥=I4MHAR

TEMPR= UR*ﬁﬁTQ(?)—uIXDﬂTH(T+1}
TEMPI-WRADATA! J+1) +UTXDATA(T)
paTa (I i=DAaTa  LI-TEMPR

DATACI+11=DATACI+I ) -TEMPI

FOUR

.FOUP

Q.

paTAalI ) =TATAI)+TENMPR

UﬁTﬁ(I+l}-DﬁTﬁ(I+li+TtMPI

MriAR=ISTEF

IF(MMar . LT N GO TGO 6 .

RETURN : :

END :

1T @@24R  FUNCsSUE

1T @%74R° FUNC YAR P
PREOR EXT FUNC

P+ @BGBR  EXT FUNC
DATH  @ORAR FORM PAR
NN © - @0&CR FORM PaR
5 PEER FORM FAR
"ISIGN  9030R FORM PAR
M - BS57CR INT4 VAR
"HNNZ T @S2QR  INT4 VAR
NNZ21  B58ER  INT4 VAR
MME2 ~ ©590R  INT4 VAR
NNPE  2CO4R INT4 VAR
,xﬁ . 2598R  REAL VAR
‘ . @OBOR EXT FUNC
-1995 @0RRR EXT FUNG
1. i  @12ER LABEL
4. ©QE4R LABEL
f- 0 @59CR - INT4 VAR
THETA ©@SAQR REAL VAR
FLOAT ©900R EXT FUNMC
SIN peaal EXT FUNC
J BSB4R  INT4 ¥aR

- »27CR LABEL
2. . ©228R LA&BEL
TEMPR ©ERBR REAL YAR
TEMPI @SBCR REAL YAR
M @ScoR  INT4 VAR
3 223AR  LABEL
MM&X  BSC4R  INT4 VAR
65 @2a=2R  LABEL
ISTEP ©SCBR  INT4 VAR
HHAX  98CCR INT4 VAR

 D4EAR LABEL
IND ASDAR  INT4 VAR

7 ' ®33CR LABEL
WI ~  9SD4R REAL VAR
WR PSDRR REAL VAR
9 03%CR  LABEL

002d ERRORS

33



aeel
RE1=Te,
QO3
AEE4
551 5]
aoas
20a7
Pees
njauis]

5 E S DD
S EE =

DO4R
GEa4R
ERaG4R
GEHaR
GoB4R
Goa4R
Dag 4R
el 4R
QEFaR

GOAER
BREER
RESAR
BRgaR
QETLR
BARER

- BRBER

SRCAR
BebiaR

BEE4R

. @RECR

@13ER
2146R

gl eR
SRR I
2imeR
GiC4R
B1CER
D1EBE
@B1FCR
a224R
Q23R

T egher

QSEOR
B YRR
@2 8ER
PEABE
BZEAR

CGZEZSE

Q2ECR
@F1CR

£ CcaLTULATE WINDOW WEIG

< GET LABEL FOR-SFEC

it}

U V5 S ¥

[y

APPENDIX C

Main Analysis Program

. el FOUEiTEZ,HTUP,TBL b2

& READ IM MOLE LESIRED

191 UPITE (2,106}

i1ge FUPNﬂTfilH ENTER [“fiI:?ﬂDE‘l
READCQ ,2) MGOGDE :
CHME=NA2
CHEt=ME+d
NTUH81~NTUP/E+1
Mi=h+1
A=
Rid=pP L wWH

"'J
__]

S
DO 42 I=1,HM
%B WINDL(I =1 .-, SBBEES GA4¥COS(FLOAT (I—1 %X
CTRA : . I '
DO 23 K=1,86
XLQBLKJ=FLQQT{K—1)
MOid GET INPUT FARSMETERS
’ WRITE{®, 4]
FOREMATIBH LABEL)
READ(@,5) DAT ‘
FWRNHTKECHLJ

FORMAT
READID
FORMAT

HHGLE}NICSEC)
Q?GLE;DUR i
1 o , :

td

(ap]
g
L
A
i
—

e

+

PI/lS@
/lDURﬁFLOHT(HTUP))

g
MIo L))
HEUIL IO

o s 3
mzZ
rm
I D
|-
HG
o
I.LJ

UPITE(O 1
CFORMAT(?H FILE=7, 7HITHRESH)
READ (B, 23 IFILE, ITHRSH

n
L
UL
=
_i
"
fred
¢l

WRITE(D.3) IFILE,ANGLE,DUR

3 FORMAT(8H FILE ,I3,.58%X,F5.1,8H DEGREES,S¥,

Fo.

34

C THIS PROGRAM IS TD 6RNaLYZE aND DISPLAY EOFAPR SEASAT
© SHOBT PULSE R&DAR DATAE. DEFENDING. ON THE FROGRAM
C FMioDE SELECTED . PULSES,PULSE SPECTEA OF FE &K :
o OHISTOGRAMS CaAN BE DISPLAYED., EITHEE THE AYERRAGE
£ SPEQTRES ORF THE AYERAGE OF THE SPECTRA CAN EE
¢ SELECTED. MEAMS AMD RMS Y¥aLUES CaN BE EvALUATED.
T DEaTa aRE ADIJUSTED FOR PROUER. ’
IMPLICIT INTEGER#®#Z (I-NJ
DIMEMZION IFE(LIES)
DIMEMSION INP{S3441, TELC1OZE4) T(La) , PULSE(26EY
DIMEMSION HLABiaT, PLOT(iUlJ,PﬁV ESBJ,MINDLEEEB
CCOMPLER® Zoiegd) THPLX : :
EGUIVALENCE t2¢iy, IMP(13) :
DETH PI,H,HTUP,LO,lHI/? 1415927, 128 124,23, 158~
DATA DOT.STAR, BLANK | SLASH,ES, &8, PEE-LH. iHX,iH lH/ 1HS, 1H”A,

2,7H MICSEC)
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. Q054
QO55

Sd56.

Cas7
COEE

0oL
QA
euEl. -

PR
AOE3
(SR Y=g
RORS
QOES

e
BOBR- -
Q059
S @4cAR

Lo g%
Qadl

ee7ve.

Qv?3

aa7d

Qe7E
GR7E
Qe7Y
Qe7vE

PeEe
oasl
pes2
guE3

Q024

BGIS
0026

RERT.

BRE8
RS
afejuls)
o3l
g2
[nfef=hel
paa4
PRSE
RATE

@RYs
PRI9
gloa
@1@1

o™
[
haYa o
L LT

B352R
B3vER

"@3EER

BIAAER
QRECR
GEZE4R
OFF 2R
b4z 2R

B44AR
2452R

. @45AR

B47 4R
B4H0H

. Q494R
. 04GA4R

@4BER

@4F @R

Te4rFgR
QEBaR

BLaER
2514=

@S28R
0073

A53&E
A5 4ok

- B54RR

BESAR
REEER
O5E8ER
QS B4F
BEECR
B5CCR
w5 D4R

@SEBR

AEFCF

C@ROSR
@5 3ER

' QE5OR
0037 -

A653R
O5E4R
QEROR

" @EF R

av7ozR

2706R
27 14R

it

O

B
(]

S|

€ BLOC

12

s
mn

wﬂsmxxﬁ%mﬁ
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CHWRITECZ, 890 ITHREH .
-rOFHﬁT('SH THFRESHOLLD = LIgY
WRITE(@, 70
FORMATI1I8H BLOCKS,SIZED
Eabia, 23 IBLKS, ISIZE
IZE=1IS1IZE : :
ORMATCAH LIS, 2EH ava SﬁUﬁPED rdLSES,LOG SFECTREUM)
ORMAET(S31H SPECTRa OF aYG=5, aVd SPECTRA=A:)
S ARE IWPUT IN 22 TRACE BLUikﬁ ‘ -
CUMHT=323 : : .
09 IITI=1,TIBLKS
RITE¢3,1@1I11X
ORMETL7FH BLOCK 0, I41°
015 ¥=L0, IHI ) ‘
Ih=K-+1--L0D
PRV ITIL =0,
IPRIKI =82
S PULSE«(K =0, ‘
WRITE(Z, 22 HLAl:
CCabt BRKS(1) :
CHLL ECRERMOINPD
Do 12 I=1,1I51IZE
CROUMT=KOUMT+1 :
IFEHOUMT . LE. 32050 70 173

MEIN=2%%14

(¥ GET MEXT IWNPUT BLOCK OF 32 TRACES
CoEaLL ECKERM(INP)‘ s :

4.

o 11 ITI=t
IJ={I11- 1J$1b?

SO 1l K=l IHI

d= T I+K

MIM=MIM2MIN, INP(JTY
S ROUMT=1

IJ*(KﬂUHT“11$1B?
DG 14 K=LO,IHMI

~J=IJ+K

X=INP({JI-MIN

SRR =RER

KiL=K+1-LO
ZOELI=CHMPLY (K, @, YXUINDIKL?
FULSEC(K IT=PULSEC(K 1+XxX
IF{MODE . MNE.12GO TO 12

L CALCULATE PEAK HISTOGRAM FOR VALUES QBOQE THRESHOLD

DO Ye K=LO, IHI
J=T.J+K :
IFCIMPOIY LT ITHRSHY GO TO 7@

IF(INP(J}.GT.IHP(J“l).RNB INPCJY . GT. INP(J+11)IPREK?"IPP(K)+1
CONTIMUE :

GO To 12

PLULSE FOURIEE TRAMSFORM

CALL FOURLITOZ,M,TBL, 11}
RO 42 K=1,6H21



k13

0105 @71CR 40 PAVIKY=PAY(K)+CABS(Z{KI)

wids a7v56AR 12 TN TINUE

@le? @?7CR ‘b B2 I=1,101

108 ©2734R | =¥ FLOT(IY=BLANK :

21938  @e7RAR © O IF(MODE.HNE,11)G0 TO 72

gl1ie @7BCR WRITELS, 743 ISIZE

0111 e?DCR 74 FORMATIIH ,I%,15H PEAK HISTOGRAM 2

11z T CALCULATE WEHH QMS FOR HIﬂ QGREAM

@it13 @7PFCR SUMHRM=@ . :

©0li4 ©304R 'CNTRDD=@.

©115 @I30CR < SUMsa=

@lle @21i4E : TMIMN= GVEI

@117 W©BiCR - THAX=0,

0118 @B24R DO 97 -1=L0, IHE

B119 I2CR a1 '

pi2e DOEIAR IFC(IPRCIY.GT.O) THIN=AMINIL{TMIN, XK)
it @Zndk ©IFCIPROT).GT.R) THAX=AMAKL CTHAR, XKI
@izz OBLBER K K=IPRC{I o

p1832 BEYER S COSUMMREM=SUMMNRMEX

p124 BEAAR CCHNTRGD=CHTROD+HRERIK

P125 - QEBAR SUME Q= SUMEG+ARKKE LK

@125  BOECER =i COMTINUE

912y GEEER ‘ CHTROD=CHTROD-SUMMNREM

@lc23 @BECH S SUMSQ=SUMS3/SUMNRM

@ic2  @8F3E RMS = SHPTL;UMS“-INiﬁﬁDklHTROD)

@13e @918R WRITE(S, 92 1CHTROD, RitE - -

13l - @940R g8 FORMAT(13H SCENTROID = ,FS.@8,7H RMS = | F5.@)
L322 G95AR GO TG iec

®133 OFIBER SI1GZ= PHSXPNH—L(TWH<~TM1N~1.J$Xd1/la.'
@134, @FFER : SIGZP=DLEX15a. ¥SGRT(ABS(SIGZI 1/ (1EQ [ XCOS{ANG)
@133 @2DER WRITETZ,K 983S5TGLP

@136 BESFER & - FORMaT(1GH SIGhA 2 = - ,Fig2. 5]

@137 @Rri1CE ’ IFISIGZ . LT . @, yiWRITECE, 85D

@138 - efA4cR S5 FORMAT(12H MEGATIVE 'J

2139 eARER 1e:2 COMTIMNUE

pl4a  OALEH DO 7?3 K=L0,IHI '

D141 QBAGDR IX= FL“HT\lPP(F1)/qILE$lUQ +.5

pl42  O/RBORE FLOT(I®)=FEE

Qi42  @AA4R WRITE(3,PE: R,ZHE(h),PLUT

9144 . @REER  ¢5 CFORMATOLIH 215, 191A/A1)

@l4s  @AFCH PLOT(Ix)=BLARK

pl14s  QB1OR 3 COMTINUE .
2147 @BZ2ER . G0 TO P8 ‘

0143 ¢ MNOL PLOT PULSE AVG, SPECTRUM

149 ©H2ER 72c HKHMAX =0, :

@is® - @EZER CHTROD=0,

@}gé QB3GR SUMNPHKG o - ’
D15 QBR3IER DO B4 Lo, IHI T - .
61532 ©B46R PHTRGL—*NTROD+DULQE(RJXrLﬁéT(K) ORKHNAl'PAGEIS
9154 @EBGER SUMNRM=SUMNRM+PULSE (KD OF POOR QUALITY
155 @BYER B4 CRMAR s AMARL CXMAR, PULSE (KD

plS8 @BBZER . CHTROD=CMTRODSUMNEM
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el
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oD
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e
L

paog
paal
95@8

S IPR .
CINP

TBL

—DﬁT

OBRER

GBDGR
EBFaR
GoioR
QCoAR

- BCIEH

U 3ER
QLAER
AC7oR
PrY4R
ACAER
ACCER
DCT4R

- @UiSR

Qoz4R
@nS4R
GoEZR
GDEER
Qo9ar

. @DBER

GDoER

L @DEZR

BERSR
12k
SGEZSH

GES 4R
BEGAR
PEGER
BEYCR

- GEBER

BECER
GEDCR

GFRER

GEZER
AF40R
2F58R

- RFRER

BFERF4R

 @?7%?

QRAgR
BF7CR
1aCCR
13C0CR
IRECR
HH3CRE

61
1E

60

-

=1
2=

SO 1

I

ca
12
I

A

o0

2l -

IuHTP=CF?PJD+,5
WREITE(I &3 IGTZE
‘URITEFQ,EE IGHTR
FORMATUL3H CENTROID = LI
%HGFM 1%, < XFEy
DO 16 K=1, 6 M
I d=E O+ K -1
Ix=PULSE(IJ)ExMORM+ . S
PLOTII®1=FEE
MREITECZ, 81310, PLOT
FORMATILHE I3, t@idl)
PLOTIIRY =sBLAaMNK
L‘KJ_C”ijkHUL kflJ)’:IéE 2.
2089 K= , MTUPR
aiKJ=CNpLHLw L8
CALL FOURLIT(Z,HT TUP,TEL, 12
. WRITEZ(E, 2090 CZUKE D, KK=1,M)
2 FDRMQT(%EE@ oy :
RITE(3, 22 LAl
FGRHmTii@H FREOUERMNCY LA, IHS, 3% 5(F4 . 1,165 ,F4, 1)
DO 13 K=1,6NTUP21" ) : :
PRV K I =PAVYIKISSIZE ’
. D=FLOATIK~1)4%DELTHA
‘ R=CABSTZ0RE Y )M .
He=fLOGi@a(uy :
IX=C@.Ex+.5
-Iﬁ=HIN@fHH/®tl 14+i) Cieis
N=ALOGLIGCPAY K : ,
IV=20 (Y +SIGMNL . 5, %) :
IV=MIH@(H%K®{13I¥+i),1Bi)
FLOTEL Y =5LLAaSKH - :
DO 19 I=2 1@ :
PLGT(I\=BLHPB i
IF(i(I—i)/%)X4,E@‘I—i)PLOT(I)=DOT
CONTIMUE . :
PLOTC(IVI=A0
PLOTIIR)=£5
WREITECI, 8¢ D, X,PLOT
FORMGT(1H ,FE 4% F? 4 Ek,l@iﬁi)
COMNTIMUE
WRITE(3,21)
FORMATCIHL S . o
NG COMTIMUE C ) .
1 BET MNEXT INPUT : ‘ e ‘
'GO_TO 181 : ‘ QAGB‘%
EXT FuMC _ oRv oR & :
INT2 vaR f ‘ ' i 0
INT2 vaR - S or
CHMPX YaR o :
FEAL VAR
REAL YarR



\ PULSE 4ES4R REAL VAR
CLAR  4FS4R  REAL Y8R
BLOT  4FGBCR  REAL VAR
PAY S190R REAL VAR
WIMD S8R REAL V&R
CMPLY  PORRR  EXT FUNG
AT . @OORR REAL VAR
N @eBRcR  INTES VAR

NTUF  @OQER INT2 YAR

LG eeloR  INTZ YAR
IHI @DiER  INTE2 VAR
DOT QP14R REAL VAR

-37TAR polzRk RoAL VAR
. BLANK e@iCR REAL YAR
.. GLASH @o2eR  REAL VAR

ES :  @024R REAL VAR
&R - @oEER  REAL VAR
. PEE PAZCR  REAL VAR
C FGURIT @GOQR EXT FUNC
" 4181 @03ER LABEL
S100 PREER LAREL
@ eEaaR EXT FUMC
Z . @EE2R LABEL
" MODE ~ SO04R INT2 VAR
N2 G9@eR  INT2 VAR
. N2l SZaCR  INT2 VAR
- NTUR21 5912R  INT2 YAR
Ni - GOl14R INTE VAR
wH. °  G5gieR REAL _YAR
S s @e@@eR  EXT FUMG
‘%M ¢ E5Y91AR  REAL VAR
A2 @PECR  LABEL
.17 - G91ER  INTZ2 VAR
.. CO0S QEEOR  EXT FUNC
" FLOAT @8eer EWT FUNC
23 . = ©148R LAPEL
K= 5938R INTE VAR
47 @194R LABEL
5 @iC4R LABEL
30 21E6R LABEL
31 - ©Z24R  LABEL
ANGLE S93AaR  REAL VAR
DUR SOIER REAL YR
6 ~  ®25@R LABEL
ANG co42rR REAL VAR
- DELTA 594AR REAL ¥AR
e @eAoR  LABEL

. 1FILE ©g8S2r INTZ2 VAR
- ITHRSH 5254R INTZ Yar
3 . @31CR LABEL
= pa72R LABEL
A @3ABR  LABEL
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BKS
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MIN
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9
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[ua]
LW

PR

DO A
¥

TG

" SUMMNRM
- CNTROD
T SUMSsQ
CTMIN
CTMAX
a7

XK
TAMING
AMAN1
RS
SQRT
98
lez
SIGZ
LR
SIGZP
ABS
So

95

73

Ix

SISER
SQERR
SS95AR

IFER
D4ZER
SOLER
OFLER
S954R
Q47HR
UACAR
SHE6GR
QRooR
20RRR
@7EAR
O5BCR
G970R
OBEOR
VEEER
C97ER
E37ER
597ER
QAGER
REQER
S92eR
5854R
QEF @R
a7ICR
VEBaR

SY9A0R
alelolels
QaROR
SEA4R
DEDOR
85 40R
RASER
SEABR
ovaoR
LORAR
QuaaR
QAFER
CA42R
@rniop
58CoR

INTE vaRr
IMTZ2 vAR
REAL YaR
L&BEL
LAaBEL
INTE Vap
LAREL
IMTE VAR
LAaBEL
LAREL .
INTZ waRr
EXT FLNGC
EXT FUMG
LABEL
LABEL
INT2 var
EXT FUNC
LBEEL
INTZ vAaR
IMTE vaRr
INT2 var
EXT FUMNC
L&BEEL
REAL VAR
REAL Var
LBEFL
LaBEL
EXT FUMNG
L.&aBEL
L&BEL
LeBEL
FEAL .vaR
REAL vap
FEAL VAR
REAL vap
REAL VAR
L&BEL
REAL vVar
EXT FUNC
EXT FUNC
REAL vaR
EXT FHNC
LEBEL
LAREL
REAL var
EXT FUND
REGL vwam
EXT FUNC
LABEL
LABEL
LABEL
INT2 vapR

39
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D
ALOGLD
MARD
19

¢l

21

LY

POoOR
QRESR
or4aR
SAcAR
WRTER
CIUCER
GCLOR
GapoR
OCD4R
eCchER
QOoBR
PDR4R
ODBZER
RDAOR
BFRER
EOD4R
QOaQR
aoReR
QEEER
BFOER
BFEER
BooaR

POBO ERRORS

EXT FUNC
LABEL
LABEL
REAL VAR
LABEL
INT2 VAR
LABEL
REAL YAR
L&aBEL
LABEL

CEXT FUNG

LABEL
LABEL
LABEL
l.&BEL
REAL YAk
EXT FUNC
EwT FUMC
LABEL
LABEL
LABEL

EXT FUNC

40



“NRL DATA OF Lr,74 BY SYSTEMS aNaALYSIS 1-95
1.0 DEGREES

FILE

1

: THRESHOLD

BLOCK
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2.50 MICSEC

- £4 AVG S5QUARED PULSES,LOG SPECTRUM
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184



b e b ek i i e ok bk > fea b
FUE LY DL [H) = e s e b s e o e )

W QOO & W e &0

198

P
P
P
P
W P
P
.

P
‘
-9
(8]



mmmwdaamm L €53 5 D0 O (S el O (0 5 L £ [ £ 0 63
mmmmmmmmmqmmmmmvvv¢v¢vwvwm

[ B T L

! 0] ’
D
i3]

.
.
1
0
.
.
.
.
.
.
1
0
]

)
'
¢
a @ e e v e om o= w o om s oa &Le e oa e
- e - . " s e s 4w S oeT e sy
i
- - e - - - P I
~
T, @ e s e e m e e .
E e e e e e d s s i e et e a e ae e
e L m ete e o a s 4w el e .
- - L T T - <)

L0 T (0 D O 6 D L0 0% 00 4 LA T 00 [ I fn
O 173 L0 U9 (0 G0 400 B 1 03 LY L0 0 65 07 £0 43 00
00 0O L0 Oh 01 40 [ [ = SN0 W (% — D O [~
€0 07 079 077 090U (0 55 O 00 D L0 5T 01 0% 07 (U ) 68
700 00 097 09 09 09 04 1 04 £ 00 0 R 0 el o 6d

SAMNTINWOMMNE — ML}
G)IZ"T!LEID&('LJU']OChHUJDCIw—iTﬁ
®®

GQA«HmmmmmF
o . .
}IN

e s T e 00 T ERETR e e




Al
- - -q‘nn - w A - - w m = m = e s - ) - e e * &2 a = L . | - = = o= - 0w - A . - 2 s = = - - L R R
g
n mulm mmmm mnnmmwen
- -1 .- - - - i - - - I - - - - - - - L - R nmnw - - L - - -
i} [4)3 [#5] U uumm 143
wm w iy g
oy €y w ] o

_n.. ...--m .U’]..--- ....mmm ...-.-..m » = om s & = 4 4 e o P - - = . - 4 » P - = - - “ w o= -

iy oo w 1Ty

1] m : wn i
us.- . w
omn -~ - - - - - Y | T T 7 1 I e e e e e e . e e e e - - - e e e e e e e
u wm
wn i
.
. o = - - e A e = = = om o= = = = A e+ = = - A e s s o= = e -...m....... 4 e - = o= = om - e s e s . . e e -
-
[iy]
Ul

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

T G 0T 0T (700 6 40 01 01— (D Eh 0 O S o & 0 @ 0 O O DY LT D D I [ S T () O U0 €O OO0 00 [ oS WWmemv®®mm®hmm®mmmmvmmnmmﬁwﬂmmmmmmm
Ujummuawmﬂ¢mamw¢¢®¢ﬂummmmwmmmmﬂmmmmmmvmmmmm&nﬁnmaa@mmmMMﬁmmmm@mmmmﬁvmmmvmmm®mmmmmmn
ST @G I (LW A0 -2 U [ L) ~Huﬁmmmmmﬁww@MmuanHnmm@m#mm&ﬁvmm@mmmammm@mﬁmmmmvmmamvmwmwmmvmwm
mvmuwmmmmnuwvmommwmmnmmm&mmmmwm¢Wmmmvmmwnnmmmwmmﬁmﬁﬁnmwwnhnmmmmhnnwnnnmmmmmmwmnﬁmmm
Mﬂﬂﬁr—lv—i-Hﬁv-lw—iw-tv*iv-i-.—-|-—|1—1n—lH—-lv—iH«-iv—itsl-r-lr—I\-—iHu—i‘-lx—iw.—dv-i‘-lﬂ-H~.-—-|-.—|1—lw—!\—|~.—-i-r-|~—-lt—4u-4~—l-r-|v-|w—|~.—l~:—|@Hv—!k—dv.—{ﬂﬁﬂﬂn—iﬁﬁHHHﬂ—I1HHHﬁﬁt—|HH1—IﬁﬁﬂﬁﬁHH
OO —MTONNE M TNOENOE M TINONOE T LNIO0MmS— HOTUE TS MY DO AMTNOHNE® =M TNOENE MBS AT
;mmwﬁmmﬂvﬁﬂmw@M@mmmmﬂwmwvﬁ®mm®mmmmmmﬁmn4?&@mm@mwmmmw«mmﬁ¢n®mw®mmmmmmﬂmmﬂvnammsmwmmmm
mwmﬁnnwmmmWWGQQﬂHﬁﬂmmmmmm wrmmmmmmmmmmmmmmmme&@@ﬂaymmmmmmvvvmmmmwwmrﬁﬁmmmmmmmaamwaw
Lo, MHMﬁﬁHHﬂﬂﬁﬂdﬁﬁwHHHﬂHHMWﬂﬁMﬁﬁHﬂﬂﬁmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmﬁ

T T S T SO

O T S T P A BTN |l|a"'.r!.slu T P S L L B T L B i T T T L I I R i L ' o=

=



- - N - . T - e . e e e e e e e s e e o e e e e Wl < - e . . . - . - e e - -
- - - - s R T e e e e . e e e e e s - - - - - - - e . e e - e e o . - - e - . e .. - - v e .
uy -
- - B . - . .- P - - e - - e e e [ - - P c e e e Lt e - . - me . - e e -
.
- - e s . e s - . C e e e e e P B “ e e e e - .- « r e o= . - e . - . - - e e - e

)
e -17, 11 BTN i P NS T 1,11,
0 ) W

(4] WNmnnmwm
] . wm n wn )
L awm . L ! : : :
R ¥ 1 I T S & 1 R 1 1 T B N LT T R R SRR R R L £ 1 I TR U T R ._.mmmmmm I L T R R B I
BTy ' : ‘ o L e L i
ST [T1E .o ‘ 0 wnnannm
S — . L . . ' I - o NN U0 0 U in .
B & T T S o £ B R €1 R S IR RS 1 ] ¢ BRI
o ) - nwm (F 1] ‘ ' - . n
wmw n
w
£ ol .
-
6]
- “ - . e e e e e N e e e - L TUE T T . e - e . F e e e .. v e e e s - e
.- L. e e e e e e e e e el e e w e e - Foe e e e s s P T S - e r w v e e e e - .

"n,'\‘\\\'\.\'\\\\\'\\'\.\\\\'\\\'\\'\\\“\\\\\\‘\'\'\\\\.\\\.\\\\\\\7\'\\'\\'\\\'\\\\\"\.\’\'\‘\'\'\\'\\"\\\\\\\\.\\\'

- 'rs":@rrjuammcs:nmowfmcr:wﬂunﬂle-—'r»rxtgmr\-'.omﬂm::wrrn—*vmvmx—wmmmmr\-mrxcﬂr\--.—umq-rs-mmwtr\w—mm'-t@mmmmmr\ruhmacs:cout.nmmm-ﬂ-mmmm'a*t
S DA N ST (A MR OO 0D S A SO U2 0O =& A0S MO0 T O RO Om QS 0L OO W - T OS n t -Mmn-
‘nrurommwthnmuu-wf.ar,m-«wvo:lmmrut_;[\vr@rxm«m:u@-m~1-Lﬂmrrawmnrmuw—4mmcnt.gmx—cmmw-«f»mn@mru@muammmw-mmvmmm®®®c-(:J-'rwr»mmmmonu
=T LT D O P P T U000 L) WD DB D O B0 00 00 00 D [ [ 00 00 O 00 [ [ D [ U Do [ I P GO G0 IR0 0 (9 00 03 'GIT"J("TI'T‘TU'.IUZILCILCILCILC!LDLDLBT‘Q'T‘ﬂ‘TTWT\TLﬁUﬁILﬂ‘T‘TW‘Tmmthﬂ@@
:~—|-—|1—I-|—I-r-|-u—i~—| —|1.—|v—lr‘iw-iv—i-r-lt—I'-r—l--I-‘-i-—iw—lw—lx—-(x—iv—lﬂv—l*—-lx—|t—|Hvﬂw-iﬂ—{w—tn—“ﬂn-iviw-lw-l*-lw-'i'n-|MHMMMHM*“‘I%-{M#-Ivﬂw—tv—l-r-i-:-lw-ﬁv-tvﬂx—l-:—lﬁ-ﬁ-ﬁ-.—iﬁw—lt—lt—l = e v v o e e el
N .
T vl (91 4 L0300 00 00 450 = € 10100 000 103 630 wemt 199 50 12 047 00 G 650 ord 0 51 L9 10 00 O 9 i 0 HOT IO -AMTNUNME~ T OO MTWWENHE M0N0 de—im
WG = D @ M0 @ MO AN = 00— 4 D M@ M QL rm-fusm»—-mr (LG G Cu LN CO -4LDDGH_Ti\-®I.’"JL£l®f"ILDEDFULDEG-—lLDUOv-i?ﬁ@\mm@f‘]‘ﬂmmmmﬁmmﬂ
TUCUCT OO L7 LA LD D 00 O O D 00 50 08 O O (00 4R T Hﬂrummmm mmmmwmrxr‘-:\-mb@mmmcﬁcs&&:s-caf—ammmmmm?«rwmmmmmmmr\r\r\ru
'*mmmmmmmmmmmmmmmm(‘ammmmmm*rvvvr ‘T‘T'T*T'T"-T‘:‘ 'ar'v-r:rv-wa-«q*-:r_-q-;r;;«rwv-mmmm_mmmmmmmmmmmmmmmmmmmmmmmL
. u--".r‘.‘ “ '-‘."r-'_-n, .'r.-n': Tiire o0 ;.:n..,.-.,:.:- ”;’.—lF. e -;<|.;{,-lr7 Ta S e b “Ar: il ;i IR PIT |--'i'.u‘w-.<“.'m‘( ‘.\.':\.1..—.-'. .‘. LR T O S L N B .‘;..'..:l::“.\--..li. .




[{a}

- VI e e e e e e

- N T IR 1 e e e e - PR f ..
SN o
i wu o
e e e e e e e W - - - - -t . e W wmwmo;
] in
iy tn
iy} 1] w
w oW
W

5 ‘

'\\‘\\‘\\'\\\\'\"\'\\'\'\'\\'\\‘\\\\.\'\‘\‘\'\\'\"\.\\'\“\'\.'\\"\‘\.\\\\_"\'\\\'\'\\'\'\\\\\.\\\'\'\\\\.\\\\.\‘\\.\'\'\.\.\\‘\\\\.

VO CA T CA T 0D (D =R 0] 0T e l'U"-l"BufﬂlﬂiﬂL‘IJU'H_.J[MHE‘!JF’J(;DWD:IHDOUJmHu?mU)FUL“w—lt'ﬁﬂm
O L) 00 LD et 15 0 ) O 0O € 7 49 00 L L D101 < e U3 0 07 4@ 07 010 C5 00 10 00 00 00 €0 £ 00 17
wmmﬁnmmﬁﬂmmwmvmﬂmmwmmrrmmﬂmmMWWWVUWHHH®m¢Wm
»mﬂmmwwmmwmmmmv¢mmmmv¢wvmmmﬂﬂﬂmmmmmvvvvmmMﬁ
’v"ﬂdﬂv’lw’iﬂﬂﬂ-—-|m-l-—|-v.—l~.—1-v—|w.—|-.—|-.—-Is—i1—1v-4-v—|~—ﬁ~;—is-lv-|v-|-.—l-r<lﬁﬂv—tﬂH-H-HH‘MHHHHH
OUNOE=AMTNONOH O AT H QOO AT TUONRO AN TWONNHO ML m
amw®mmmmmmwmmHWNQWmamwmmmmﬁmmﬁvﬂ@mm&mwmmmm
VO B D Gttt CI I I T T T OGO DO D DS O D b ot o
TG G0 (0 01040 (0 (010 (0 (010 (0 (D010 WD W L0 0 (000 (0000 W W Px D™ W1 v
- e e e e P FERTE LT T T T A S SV .f'rl‘-s:'\.‘-ﬁla

mwm
i (5]
- - - - . '-U'.I'_""[fl"
. R
B "
I THYYy W0
g
tn

[\-D;G'UJT.GCT)'—I?'—U)ET‘JDN-!UJ':D'E\-FUG)
< O Q100 ) Cnd 0 = (M - En D W
Gl TN Dm0 T ®
BD)G@@@@@ﬂﬂmmmm(Uﬂﬁ

@@Hﬁﬁﬁﬁﬁﬂrﬂﬂﬂﬁﬂ-—iﬂﬂﬁ

-—
[
L
C'S

TN OS TN E® 0T LD
o & 010 & M) 00 (O 60— LD 00— T[S @
€900 S < LA L0 L0 L0 (0 0 P £ I £0 00 0 )
To P P Do O D T D I O P Do N 0 O D E0 £ T
: -’v iy i I 1 T

-
L
9}

1. 2636
1,3951
1. 5aoc
1.5794
1. 6368
1.6725
1.69e8

-
-

Bdcd

1
1

.B7E4
1. 6499
1,.6881
1.55%94
"1,5888



] e e i E 1 R e o dee—— . -

r!-..
B P, C e e - P e e e e P P e e e . ‘ e e e e - e e e e e P e e e e -
wmul ‘
m coe e s R ¢ R {1 B S S N .- - - - - - - - - -
[#)] i LAV R REpRURRI)) n
1)) i3] mumwum - NN o
o Ry
in . S e e e e e e e s e T s AR (I Se e t - LR s e et
n W R Wy RE RN N 1) 47} n wm HpRinNe
1 W u
wwmu o] w :
B - - S e - - - e s s e e e e e m e - - - e - - P S 11 10 10T RS - S e e e - e - e . .. . e e - e -
w N [EyRNEReEV)] W
. - - - - - - . ...,.....U’J a d. e e e P L E e e 8 4 = a = . e . . R Po- = e e ==
. -t )
N i - . .
Ng]

n
R N N s B N T T T O N T T T T O O e e T e N T T e e T

S LT D et G0 60 - (S T O 000U 600 00 St 8 10 L0 9 L O D LD D O T U'.lU)mmm@—ll_{lmlﬂw'r’d“(]h—l»-IDGEULLII’\-‘?!’TDOFIW‘LUU)@LHLGLﬂf“)LClt"}COOOU‘-Vvﬂ@'ﬂ'r\-m"if‘-'ﬂ'u’)m‘—i@mmtﬁw
000U 73 O 1 00 00 = 01 £0 00 L0 L e 00 0 = 00 00 62 T st 00 00 L o O = 0000 =F 006 09 L0 = OB 00 (0 (7 G0 I o 18 00 @ 07 v E =t L0 1 O o 5 GO 0T (9 L~ O O L0 1 00 (D P D00 40 (0 O O 1 Ch [ 3 1T
S0 03 O G0 L0 (T L0 G0 0 (D O LD S D 00 T ) ) 0 el 0 00 ST L0 [ e GO LD D LA D Dt Do et (S (0 D =4 (A0 00D D 0D W0 R W OIno -0 0 wf PN DT WML
MH®wmmmmmmmmUWNWHmmgﬂmmmmawmnﬂ@mwnmunmmwaﬁﬁﬁ@@mmnnnmnmmmm®®ﬂﬁﬂﬂﬁﬂﬁ@ﬂﬂﬂﬁmmﬂHﬂﬁaammmm
ﬂﬂﬁ@@@tﬂ@@@Gn@oﬁ'ts@@dy@ﬁrﬂ—h—iﬂ-—n—lﬁ@@@&@G@@@@f‘uﬁﬂﬁﬁ-.»~4ﬂH—a@:S)@@@tD@@@@@—-ﬁ-—u-ﬂ-ﬂﬂw{ﬂwﬂﬁdﬁﬂﬁﬁﬁﬂﬂﬂﬂﬁﬂﬂ@@@(}
. | . .
ﬁwmmmmmﬁnvm9mm®HMWmmmm&wmwmmmmaﬁmwwmmm®Hmwmmmmmwmwmmmm®ﬂmvmmmm®Hmvmmmmgamwmma@oﬂmwm,
L0 0L 00 1 LD OO = D sam_l;n@mmcnmm_mﬂmt:oﬁwrsf;:].rrnc.casrthnOJmmmﬁ_mman@‘mm@mmmmmm-—imw‘-a*-rr\@mm@mmmmmmﬂmmﬂvr\cs.rj DM@ maa.
mmmmmnnnmmmmmmm&@aﬁﬁﬁmmmmWwavmmmmmmmmnhmmmmmma®@®HQHMmmmmmv#vmmmmmumnnnwnmmmm®®®®ﬂ
:maoo::ommmrﬂmmoomr DGD)DJD’)D)U)U‘JD)D‘)I‘J’)UJU}O)U),D),CI*__U!UJC’)O’:CH_U)D‘.ID‘J_U)D‘)U)D)_O:'U:IQID‘JQ)'D.GG@G@@@@@C‘v@@-@@@@@@Gt@@@@@&@@@@@@-—i—ﬁﬂv—h—i
IIEE] tr Tyt [ B e 2o 1 > I T I e I I o R D E e e N LR MR P D R I T S PR i



co
L -
- E - . - - "‘U“]U’]"“‘ . L T T L ) L - - . - F e e e e - - L e s+ e = a2
aien - 64V}
. n . N ‘ ] )
L T L7 B L S - - - - A T T T R T T S ST SR N 0 1 14 1 N6 5 1 0 ST T T T ST T T ST S S
o.m | ' ' . w . W
0 mmmmU U3 ’ mmmm mm n
I . ] :
B B L T LT R € B LN R 7 /17 .. .mmmmmmmmmmmmm B L D T T T T T T T U
: n T mmwmm oy - . N 1 o
. : K . wwmn L . Ul
: - ' n m nn (s
R - e - S e e e e - - P - . . e s T ST e e e e e - . - - . .o .. - .
oy} wn mmm
o m wm
] 48
RO . ‘ -

T T O T T T T T T N T T R N N NN

rmwm¢¢mmﬂVH¢Hmmmwmmmrmumﬂvwnmmmmmmr®u®m¢mmmnﬂmm AT OO RO E A QNN LS G20 mMmLm ®D®mmﬁ
UL D e O L0 09 == L 037 00T 00 Q0 07 00 (0 0 o0 €0 00 00 0 e s eRe (0 e (D 0 mmngm&mHHmmrmmmmmmvmmmumnu@mm@mmmmWQWurjﬂfOMhmm

R AL O @I T D LD D A A LT 0 D [ L w1 Q0 - (AL O GO T S 200 0 = o (0D TS & T 00 I e 00 0N 69 450 (3 L wd () et D L0300 T 00 wmd ot 00 (77 000 00 OO LT L0 T 8 00 £ 070 600 et €0 E01 O

memwﬂﬁaamnm¢nmﬂmmmmmmmmmmmmAﬁﬂq®;@@Ummmmmmm@wmmmmmm@@mmmmmm@wﬁmmmﬂa®mmmmwammmnnnmw
)rt-—cr—c«-i-4:-4-:4ﬁ@@:,}m@:ﬂn—taﬁﬂ-—lﬂﬁv—d—q-—i-ﬁq—u—cﬁx—i-—n—l—h—h—|ﬁ®-:S)G:-(S):D@@@w-lw@@@ﬁ]@-@ﬂ«—c@@@@@@«qﬁﬂﬁ«ﬂﬁﬁ—a@ ®(‘\®®®®®®®®®®G
-moﬁmvmmmmaﬁWTWWﬁmQHmeQWDQﬂmvmmmeﬂmvlmhmﬂwmvaWWQHmv MﬁmGﬁMWMWmmﬁﬁmmeKQQvammmﬂﬁv
uﬂmwwwn&mmmmmmmmmammﬂwnwmu&wmmmumwmmﬂw%@mm&mmmmmmﬁmmﬁvn@mm;mmmmmmammﬁvnammammwmmwﬁmt
ﬁmmmmmmvvvmmmmmwmnﬁnmwmmmm@@@cwawmmMth&vvmmmmwmmhnmmmmmmmmw@deaﬂmmmmmmvvvm L0 L0 00 [ I [
T b b e e el et o e e s e s e v e e e et e et (0 U 00 T 00 0O 00 03 00 0 03 1) E0 R0 A CE NI T 0 00 Q0 00 0 0l 0 Cld T3 GG Ca O et i O oy i Ve i 3 O en A OT I ca e o oo e e on g
~-{w—l-=—i--l-—-!v-'l-w-lq—I--tv—l\—!H‘:—iH-.—l\-|~.—|~—-|-—4~.—!v—|r—-|-—|——f-—|-:~| _41-4w—|*.-1Ht"l\"iw-iw—ir-!-n-!r-!t-'lﬂ*‘-IH\rin—lw-l-—d-—lx—'ix—lH#—!Hw—ti—iw—i\—i\—{t—im—iﬂv—th—it—lHﬁr—iﬁﬁﬁﬂﬂﬁt‘iﬁ«%ﬁvdﬂﬂﬂﬂﬂv—
- . PR . oea P T S e B 7 S IR BV A P T T T T T AT I oy T P U SO A SO P U . I SR T A

-



N [d)R4pRiY nnm
51} mn wn n g Uy
n ip) i o oy
N I e e e - e T 1 B - w. - N . .- - -
mn n nnnmn
4] e i i i :
)] : n w iy gy
B e {1 R A T ¥ 1 - .. - <N - e R 1Y L T e
. & U in iy [¥p]
0
wn » u - th
PR el R T - D e e e e e s e e - - . RO A N
tn iy
oW

\\,\'\\\\\\'\\\'\.\‘\\.'\\‘\\,‘\.\'\.\,\‘\_\'\“\‘\"\.'\'\\\\‘\‘\\'\\\'\'\\I\‘\'\'\_\'\'\\\[ﬂ\_"\_\\’\\\\\\‘\\\\

LTt A0 wmw&vnmﬂmnJmmmmm¢¢rmwmmmwAmmﬂMwmwmvﬂmmmmmwymmﬁ«mﬁmmmmaTmmﬂmgnm®v
30D 0 oF O oammmwmﬁmwmmmmmm&mvwmmmn@@@vmmwmammmmmﬁnmmnwmmwTavﬂnmmwc 0 = 00 < 00 L0 1D
S0 0 (5 LT €0 ) <50 LGS 00 O = 62 40 D 00 [\ (6 m*mmmmw@aﬁSHaammvm&mwmmam;mmmwmmnmmnmwwmmmcmmmmmmnm
) oot v 3 (O £ 00 D D £0 59 €0 O 00 [~ (0 <1 L mmGHHHH@@W@mmw@HHHHQWWBNWmm“fH@GWW@NGWHW@@@W@NWPWWW
44Mﬂﬂ®®©@®®®®®®®-®®®®HHHﬁﬁﬂﬁ@@@@ﬂﬂwﬁﬁﬁH®®®®®®®HHﬁﬂw®®@®®@®®®®® DR DR
*mmmw@Hmwmmmm@mmvmmmmaﬂmwmmmmmﬂmwmmmméammnwmm®ﬁmvmmmmaﬁmvmmmmawmvwmmo@
“nmmm@mmmmmmﬁmmavn@Wm@mmmmmmﬁmmﬂVWQWwammmanHme¢n®mm@mmmmmmHmmﬁ¢m®ﬁn@_
3mmmm@®&@waﬁnmMMmmﬁﬁvmmmemmwmmmmmmmmaa@@wﬁammmmmmwvwmmmmmmmnﬁnmmmmmma
1mmmm¢¢vv¢v¢¢wvvvvvvvwfvwvwvwwwtwvTvvmmmmmmmmmmmmmmmwmmmmmmmmmmmmwmmmw
—lv-{—'r*l-rivﬂ-.—i-'lv-iv-lv-lx—lv-‘!*lﬂﬂHHH\—(v—lﬁ-—I*-i!H'"H'—!1—iv-t~‘4v-|-.—lﬂ-{r—i‘:—iv—l-‘ﬂw‘l\-‘u—!v—!ﬂﬂ-lv-l-riﬁﬂv‘-lh’iriv-!r—lt—!-—lv-lrﬂ-r-!v—iv.—!-r-lv—i—lr-\-—lv—lv—i =y i
- PPV " FE R v A T L . - P L



APPENDIX E S0

o P ;
FBL DATA OF 1,74 BY SYSTEMS Aoh fAgHeotam, . .
FILE. 1 . "{9.0 DEGREES : . ©,50 MICSEC
. THRESHOLD = 12 Coo TR T
"BLOGK 1
= - 32 PEAK HISTOGRAM - . - o
CENTROID 9o, RHE =  26.. ..
A ‘ , .
EP
e
a5
a7
58

BN A TATAYRIRT AT AT AL
OO0 RQL- S0

TRENE SN
IR
wToUTw W

ps
My
T

(b b
LS D

[1) 4o

n

B3

N ol
TN

0
™
B3|

n Vuw -
k-

.G -

21

s

P
P

m#m»mmmmmmm#wmhwgmmmxm»mmm»mwawhmmwaﬁhsmemmmm&®®®®®®®@®®®®®®@®u
v

fmmm
T Ln)

P b -

e et i D e H M — B o e m e i T e e e s



51

LU L0 LAt 00 09 D I L QL0 o 6 DG GO AN 09 L0 = (UL 00 D @ LD QI T 01 ot et (055 S () et (U (R TN S U A U U S E O POt U@ AU~ U

-

L [

r .

- -

m

m_ oo, o o o G fl. i,

w o o .

1

: o _ (@ - Lo o o Lo

A S T S A n el Llat oo oo ooloo o R N O
{ .

i [£% o o o. o o o : o oaa o
: _

~

|

i

MO0 NO-0me

0 00O 2 t L0 00 3 LD D B6 e 4 Q070 1 U LD D= 06 () 0D 123456?89@18ﬁ34gﬁb?89 D G005 UL
AOROEHOOOONNMEHERIQ @GR D l.i._.li.ll1111822882882833ﬁnm.333333344444444445
' - - ot o ot e e et e et et e e e v e e o e et e e e e o ek v e

vl o ol ol o e o



